The composition of the essential oils of Murraya koenigii (L.) Spreng, cultivated at six locations in Peninsula Malaysia and Borneo are presented. The oils were obtained from fresh leaves by hydrodistillation and analyzed by gas chromatography-mass spectrometry (GC-MS); 61 compounds were identified, of which eleven were present in all the specimens analyzed. The two major volatile metabolites were identified as β-caryophyllene (16.6-26.6%) and α-humulene (15.2-26.7%) along with nine minor compounds identified as β-elemene (0.3-1.3%), aromadendrene (0.5-1.5%), β-selinene (3.8-6.5%), spathulenol (0.6-2.7%), caryophyllene oxide (0.7-3.6%), viridiflorol (1.5-5.5%), 2-naphthalenemethanol (0.7-4.8%), trivertal (0.1-1.0%) and juniper camphor (2.6-8.3%). The results suggest that β-caryophyllene and α-humulene could be used as chemotaxonomical markers for Malaysian M. koenigii, hence these specimens could be of the same stock and different from the ones in India, Thailand and China.
Murraya koenigii (L.) Spreng, commonly known as "curry leaf" tree, is a small perennial shrub found throughout the tropics and sub-tropical East Asia, particularly in the South East Asian region [1] . The leaves of this plant are widely used in Asian foods for their aromatic properties and are valued for their medicinal applications, such as for tonics, stimulants, carminative agents to treat influenza, fever, bronchial asthma and animal bites [2] [3] [4] . Carbazole alkaloids in the leaves, such as murrayanol, mahanine and mahanimbine, are known to be bioactive. Compounds isolated from the leaves of M. koenigii were found to exhibit mosquitocidal and antitumor properties [5] [6] [7] [8] .
Mahanine has demonstrated the ability to induce apoptosis in human leukemia cells, prostate cancer and histiocyctic lymphoma [9] . Birari and co-workers have also reported significant antilipase activity in three different extracts of M. koenigii leaves [10] . The volatile components, such as caryophyllene and linalool, are also known for their antimicrobial properties [11] . Besides these metabolites, an array of other carbazole alkaloids such as mahanimbicine, murrayanine, murrayafoline A, koenigii-quinone A, koenigii-quinone B, kurrayam and koenine have been isolated from the leaves, bark and roots of this perennial plant [12] [13] [14] [15] [16] . Recently, Chakraborty et al. [17] reported the isolation of a new carbazole alkaloid, murrayakoeninol, from the leaves of M. koenigii, along with mahanimbine, koenimbine, O-methylmurrayamine-A and murrayazolinine. Hence, it is evident that M. koengii is a very versatile plant that continues to provide structurally interesting secondary metabolites.
Although, the type of carbazole alkaloids and their pharmacological potential are fairly well documented, information on the essential oil of Malaysian M. koengii is still lacking, although it is widely cultivated, utilized in cooking, and used as a traditional medicine. There are a few reports that support that the volatile aromatic constituents of the essential oil from M. koenigii leaves vary based on locality and genetic stock in India [18] [19] [20] . As such, the aim of this study was to investigate the volatile compounds of M. koenigii from various locations in Malaysia and to establish the presence of chemotaxonomical markers in its essential oils. Results from this investigation would shed more light on the diversity of the volatile chemicals in the leaves. It would also enable us to better understand the possible presence of "chemical races" in M. koenigii.
The essential oils were obtained as clear, pale, yellow fragrant liquids in yields of 0.1 + 0.01% (L1, L3, L4) and 0.2 + 0.01% (L2, L5, L6) based on a moisture free basis. A total of 61 volatile constituents were successfully identified by gas chromatographymass spectrometry (GCMS). Solvents used in sample preparation were analyzed prior to analysis of the essential oils to establish the content of impurities, and these were confirmed to be less than 0.1% of the total ion current (TIC). The identified volatile constituents from the oils of M. koenigii from six different geographical locations are presented in Table 1 .
The two major volatile components were identified as βcaryophyllene (16.6~26.6%) and α-humulene (15.2~26.7%); nine minor volatile metabolites were identified as β-elemene (0.3-1.3%), aromadendrene (0.5~1.5%), β-selinene (3.8~6.5%), spathulenol (0.6~2.7%), caryophyllene oxide (0.7~3.6%), viridiflorol (1.5~5.5%), 2-naphthalenemethanol (0.7~4.8%), trivertal (0.1~1.0%) and juniper camphor (2.6~8.3%). These compounds were consistently present in all the specimens analyzed. The volatiles could be categorized as sesquiterpene hydrocarbons (35.5-48.6%), oxygenated sesquiterpenes (23.1-46.9%), oxygenated monoterpenes (6.3-35.3%) and oxygenated diterpenes (2.6-3.1%).
Research on the volatile organic constituents of curry leaves and other phytochemicals from Murraya species has been reported for the varieties that are utilized for culinary and Ayurvedic therapies [5, 12, 21, 22] . Pioneering work to establish basic differences in the essential oil composition of Murraya species was reported by McLeod et al. [22] . M. koenigii essential oil was shown to contain predominantly sesquiterpene hydrocarbons (about 80%), of which caryophyllene formed 28.6% of the total. Li et al. [23] examined six species and reported that the major metabolites were α-pinene, geranyl-Ar, α-phellandrene Based on previous works, there seems to be variation between M. koenigii populations [18, 24] . The essential oil composition of the leaves of M. koenigii and M. paniculata from Bangladesh, analyzed by Chowdhury et al. [23] , revealed the presence of 3-carene and caryophyllene oxide as major components in the respective species. Raina et al. [18] reported that the leaf essential oil composition of four genetically diverse stocks of M. koenigii in India showed distinct variation. countries. As such, this investigation is the first report on the volatile organic composition of M. koenigii from the Malay Peninsula and the Island of Borneo. Based on the essential oil composition of the investigated specimens, it was clear that the major volatile constituents were similar and consistent, which supports the postulation of Raina et al. [18] that M. koenigii of similar genetic stock would produce oil of similar composition. This information suggests that the genetic stock of M. koenigii cultivated in Peninsula Malaysia and the Island of Borneo are of the same genetic pool/type.
The fact that 11 volatile metabolites were found to be distinct and present consistently in the investigated populations has not been seen in other studies reported to date. β-Caryophyllene and α-humulene formed on average 20% of the volatile components in all the investigated specimens, and were the main volatile metabolites. β-Elemene, aromadendrene, β-selinene, spathulenol, caryophyllene oxide, viridiflorol, 2-naphthalenemethanol, trivertal and juniper camphor were detected in a range from 10% to 1% of the volatile metabolites. Therefore, these compounds can be proposed as major and minor volatile metabolites in Malaysian M. koenigii stock. The presence and variations of the remaining volatile metabolites could be due to the physiological condition of the plant as a response to insect attacks or herbivores and geographical influences, such as soil type and microclimate [25] . 
Experimental

Essential oil isolation:
Selected pest-free leaves of M. koenigii (50 g) were chopped and subjected to hydro distillation using a Clevenger-type apparatus for 8 h. Distilled oil was collected in GR-grade n-pentane (Merck, Germany), dried over sodium sulfate anhydrous (Sigma, USA), concentrated in vacuo, stored in air-tight glass vials, flushed with nitrogen (N 2 ) gas, and kept at -81ºC prior to analysis.
GC-MS analysis of the essential oil:
Analysis of the essential oils was performed using a Shimadzu QP-2010 chromatograph coupled with a Shimadzu GCMSQP-2010 plus detector (Shimadzu Corp., Japan) using a SGE BPX-5 (30.0 m X 0.25 μm i.d., film thickness 0.25 μm) fused silica capillary column. High purity helium was used as the carrier gas at a constant flow rate of 0.8 mL min -1 . One L sample was injected (split ratio 100:1) into the GCMS using an AOC5000 autoinjector. The initial temperature was set at 50°C, heated at a rate of 3°C min -1 to 280°C and held isothermally for 5 min. The ion source temperature for these analyses was set at 200°C while the interface temperature was set at 280°C. The mass spectrometer was set to operate in electron ionization mode with an ionizing energy of 70 eV, and an acquisition mass range from 40 to 450 a.m.u. at 0.25 scan s -1 . 
Identification of constituents was
